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thts individuals ‘who might have rece~ved h~gkr exposures ‘khan others were’

counted. No positive measurements were observed even with the improved

detector sensitivity. Forty-nine of the subjects were males over 14 years

of age, 32 were females over 14 years of age~ 10 were males under 14 years

of age, and 9 were females under 14 years of age. Measurements were made at

the.laboratories of the Division of Protection and Medicine of the JEN in

Madrid. Prior to counting, the subjects underwent a complete medical

examination in order to determine their state of health.

Attempts were made to search for plutonium contamination in human

subjects in 1975 using NaI-CsI phoswich detectors installed by Dean in

1974. These detectors are considered to be the best currently available and

have a minimum detectable limit of about 20 nCi of 239PU. However, the

1975 data are considered to be unreliable because of problems associated

with the counting equipment (principally high and variable background

measurements). Additional measurements were made in April 1978 on some

Palomares residents, but no results are available at this time. Only rarely

have any of the subjects been measured more than once. It is not possible

to unequivocally state, based on data obtained to date, the presence or

amount of plutonium in the residents of Palomares. Neither can we state

unequivocally that no internal contamination has occurred. It is of

considerable importance that this question be resolved as soon as possible.

Regardless, it is somewhat reassuring that this severe contamination event

apparently has not resulted in heavy internal contamination (for example,
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relative to the occupation reference value of 16 nCi for plutonium-239 in

lung tissue). High activity levels would have been detected, even with the

less sensitive counting equipment.

Twenty-four-hour urine samples were collected from the 100 individuals

originally studied during their 1966-67 visit to Madrid. Three complete

24-hour urine samples were taken from each subject on three consecutive

days. Alpha spectrometry was used to determine the plutonium-239 content of

the urine. Seventy-one percent of the subjects showed no indication of

urinary plutonium. Eighteen percent showed, in some of the analyses,

plutonium contents of less than 0.1 disintegration per minute per 24-hour

sample, 9% showed activity levels between 0.1 and 0.2 disintegration per

minute per 24-hr sample, and 2% showed levels between 0.2 and 1.0

disintegration per minute in the 24-hour urine samples.

Additional samples were obtained from subjects who visited Madrid in

, 1975 and 1976. All the 1975 measurements were negative. Several of the

1976 measurements may have been positive and perhaps in the range of 0.1

disintegration per minute per 24-hour sample. Data for one subject suggest

a value possibly 4 times higher than this.

Although urine assay can be a sensitive measure of systemic body burdens

of plutonium it cannot yield quantitative data on inhalation exposures and

lung burdens.

Drs. Iranzo and Richmond recently devised a follow-up study protocol

which would involve annual measurements (chest counting, urine

radiochemistry, medical examination, radiology, blood and urine chemistry,

and chromosome analysis) on several subgroups. Others could be included

should they express an interest. The subgroups would include the following:

ten children born in Palomares since 1966;

ten people present in Palomares during the accident and living

nearest the areas of highest contamination;
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ten people working in areas in Palomares currently associated with

the highest levels of residual contamination;

ten adults now in Palomares who were not present in 1966;

ten JEN staff in Madrid who worked at Palomares after the accident;

and

ten JEN staff in Madrid who are not involved with Project Indalo

and who are not exposed occupationally to plutonium.

Thus, about 60 people would be studied each year. Of these, 40 would be

selected from the 2000 or so residents of Palomares. Ten of the 60 would

have no connection with Palomares and would represent a control group. Ten

of the 60 would be JEN employees who were at Palomares during the initial

cleanup. In addition to the control groups described above, the current

effort to count all Palomares residents will be continued. Any person found

to be positive will be recounted.

All new JEN employees provide

blood samples for karyotyping, and samples from uranium miners are routinely

examined. Other organizations concerned with radiation protection often

scan a few cells to check for obvious genetically related syndromes and save

the samples for reference and analysis at a later date should some question

arise about exposure. This procedure should be adopted for the present

until other provisions can be made for all the human study groups including

those from Palomares. Controls for measurements of Palomares residents come

primarily from the JEN staff. It would be much better to use a control

group from a nearby village and we feel that this should be done if at all

possible. This applies to all of the human measurements programs.

For the planned study mentioned above, it is expected that a two-day

urine sample (PM-AM/PM-AM)will be collected from each of the 60 subjects at

three-month intervals. Replicates from each sample would be measured by

alpha spectrometry for plutonium-239. Thus, up to 480 samples per year

would need to be analyzed. Additional analytical support and additional

alpha spectrometers will be needed for this task. Urine samples from these

subjects should be assayed also for americium-241 and other radionuclides

using solid-state Ge(Li) systems.
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The proposed subgroups would receive full medical and radiological

examinations (including chest touting and urine assay) during each of the

five years of this plan. The information obtained should allow conclusions

to be drawn concerning the extent of internal plutonium contamination.

These data would be reviewed each year by the six members of the technical

groups from the United States (Richmond, Dean, and Wachholz) and Spain

(Iranzo, de 10S Santos, and Ramos) and by other consultants if necessary and

program alterations would be made as required.

Although it is recognized that there may be considerable difficulty

involved, it is suggested that the feasibility of studying long term health

consequences of the Palomares population be explored. Currently medical

histories are being taken from those people brought to Madrid for

examination.

6.1.2 Air

The point of the Hall-Otero

resulted in the installation of

stations and two meteorological

Agreement concerned with air monitoring

four continuously operating air monitoring

stations which were strategically located

with respect to the contaminated areas. One of the air monitoring and

meteorological stations was located in the center of Palomares in Area 5

(Appendix 6). Continuous air monitoring at all four stations was continued

for several years following their installation. Daily samples were counted

for gross alpha activity, and ten-day samples were pooled and analyzed for

plutonium using alpha spectrometric techniques. Uranium-234 and uranium-235

were determined in the 1967 air samples. These data were reported by Iranzo

and Salvador at the Second International Congress on Radiation Protection

held at Brighton, England in May 1970. A preprint of this information has

been available to the scientific community, but the data have not yet been

published. The complete reference to this work is contained in the

bibliography (Appendix8) attached to this report (taken from C. R.

Richmond, Foreign Travel Report, dated August 6, 1974). A cursory

examination of the data given in the Iranzo and Salvador report suggests a

resuspension factor of the order of 10-6 for the worst (windy) conditions

reported. This is an example of the kind of information that could be

deduced from a careful and thorough workup of data obtained to date on the

Palomares incident.
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Positive measurements were obtained occasionally for air samples

collected at all stations, with the highest values coinciding with periods

of high wind velocity (above 35 kilometers per hour). For 1966 and 1967,

the mean plutonium-239 values in Palomares were 0.38 x 10-15 and 0.09 x

10-15 Ci/cm3, respectively (0.38 and 0.09 fCi/m3). The currently

proposed EPA screening level for plutonium in the environment, overaged over

one year, is 1 fCi/m3; some individual values during 1966 and 1967 at

Palomares exceeded the EPA value. The patterns of contamination on the

filters suggested that the plutonium was in particulate form.

Unfortunately, in 1969 one of the original four air sampling stations

(nearest Impact Point 2) was discontinued and since then only three have

been available for use. Dr. Langham, in his 1972 report~ indicated that

only the air sampling station in the center of the village (Area 5) and the

one in the irrigated fields east of the village (Area 3) were in operation

in late 1971. The air sampler in Area 2-2 (Appendix 7) was temporarily

inoperative at that time. All three stations were renovated in 1974.

It is quite interesting that the air samples (10 day averages) measured

during the past few years are all at the lower limit of detection, which is

around 10-17 Ci/cm3 (10-2 fCi/m3). Studies are currently under way

and will be continued to correlate individual 24 hr. samples with wind speed

and direction. Iranzo and colleagues are trying to establish possible

trends in the change in air concentrations versus time since 1966. No

particle-size measurements have been obtained to date.

It is unfortunate that air sampling Station 2-1 was removed in 1969,

since it was located in a position to sample possible movement of material

from the untreated hillsides near Impact Point 2. Since this area is now

undergoing intensive cultivation, including the terracing of these

hillsides, it is imperative that Station 2-1 be reestablished. In September

1978, during a visit to Palomares, Iranzo and Dean selected a new site for

the station and obtained an estimate of the cost of setting it up. This

cost is included in the operating budget. Minor funds will also be required

to recondition the existing stations.
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6.1.3 Vegetation

Six sites were originally selected as study plots within the areas known

to be contaminated. These plots are shown in Appendix 9. Areas 2 and 3

each have two study plots, and a control plot designated 2-3b was

established about 5 kilometers north of Palomares. One study plot was

established in Area 5. Each was a 50 x 50 meter square with nine sampling

points on the diagonals for the five plots in Palon!ares. Cores were removed

in duplicate at each sampling point at depths of O to 5, 5 to 15, 15 to 25,

25 to 35, and 35 to 40 cm, for a total of 90 samples per plot each year.

Vegetation samples, both wild and cultivated, were collected once each

year at the same time the soil samples were obtained. There has been good

correspondence between the location of plant and soil samples at each site

within a given study plot.

Ashes from the samples collected from 1968 onward have been retained and

are available for analysis. However, ash samples are not available for

samples collected in 1966 and 1967. Plutonium-239 measurements have been

made from 1968 on. The main problem with sample analysis is related to the

occasional presence of plutonium particulate on the vegetation, which can

give occasional very high results. This effect is almost always noted in

the wild vegetation and not in the cultivated crops. Many species of

plants, both cultivated and wild, are measured; for the cultivated plants

both foliage and fruit are measured for plutonium contamination. In

virtually every instance, the fruit of the cultivated crops shws no

plutonium contamination. Iranzo continues to obtain vegetation samples from

outside the originally established study plots in an attempt to monitor for

redistribution of the residual contamination. This effort requires more

resources, increases the number of samples to be measured and contributes to

the backlog. It would be useful at some future data to analyze some of the

stored ash samples obtained from vegetation for americium-241. This

requires the acquisition of solid-state measuring systems which would also

be useful for soil analysis. Sampling Station 3-2, which was washed out in

the 1973 flood, has been reestablished.
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6.1.4 Soil

Because of the possibility of plutonium redistribution in Area 2 during

recent years, the Spanish began measuring plutonium in the upper soil

surfaces (about a millimeter or so in depth) in a newly established sampling

area. Thus they are falling behind in their routine measurements associated

with samples obtained from the five original sampling stations (study

plots). It should be noted that for each of the sampling stations measured

per year, there are replicate measurements done for separate soil samples

collected at nine points on a grid for five depths resulting in 90

measurements per year (9 x 5 x 2 per site).

Plutonium-239 soil measurements were not started until 1969. Samples

from which replicates are taken for measurement are stored for future

analysis. It will be possible to go back and measure these accumulated

samples for americium-241 and other radionuclides. There is currently a

backlog of samples awaiting analysis. Currently those samples taken from

the soil surfaces are being processed. Next the depth profiles will be

obtained for samples collected in 1975, 1976, and 1977.

To help reduce the backlog of uncounted samples and to accelerate the

touting program, the DOE provided funds for an additional 16 alpha

spectrometers. This equipment was purchased and installed in Madrid by Dean

in September of 1978. Although this produced a considerable improvement in

JEN capabilities, (increasing the number of operating detectors from 4 to

20) there is still no capability for the assay of americium-241 and other

nuclides. To correct this deficiency and to provide additional support to

the plutonium counting program we feel that a solid state detector system (4

detectors) should be added to the JEN counting facility.
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6.2 New Activities

6.2.1. Ground Area Survey

A survey of surface activity throughout Area 2 and spot checks in and

around Palomares should be undertaken as soon as feasible. Dr. Iranzo and

appropriate U.S. experts from ORJ?L,LLL and LASL have discussed the various

methods of making such a survey. The technique selected is described in

Section 7.2.

Because of recent cultivation of previously uncultivated but

contaminated land (in Area 2) by farmers in Palomares, it

that additional soil sampling may be required. Estimates

cost of such sampling and analysis cannot be made until a

Area 2 is completed.

6.2.2. Animal sampling program

is anticipated

of the extent and

ground survey of

Although animals are not grown commercially in Palomares, goats,

chickens, and sheep are raised for local consumption. Both the goats and

sheep graze freely over the uncultivated land, particularly in Area 2,

including Areas 2-O and 2-1. The possibility exists, therefore, of

transport of plutonium to the Palomares residents. We propose that in a

modest program be initiated to sample appropriate tissues of animals

whenever possible. It must be mcdest due to the small numbers of animals

involved and the lack of a commercial market.

6.2.3. Particle-size determination

It is clear that much of the plutonium detected on air filters and in

soil samples is in the form of particles. We propose that we now learn more

about the distribution of particle sizes in both Areas 2 and 3 since we have

no useful knowledge of this parameter at present. Assessment of potential

dose to man from plutonium contaminated soil requires some knowledge of the

particle-size distribution. The current state-of-the-art in this field will

be reviewed in detail and U.S. experts consulted as to the best procedures

and equipment to use. Various techniques such as fission fragment analysis,

autoradiography, and electron microscopy might be employed either in Spain

or in collaboration with DOE laboratories.
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7. RESOURCES REQUIRED

The following resources will be required for a five-year segment of the

expanded Project Indalo studies. Presumably Year 1 would coincide with the

DOE FY 1979. Recent years (1976 and 1977) indicate a large increase in the

cost of living in Spain (20% per year). Thus we have incorporated a 20%

annual escalation value into our planning estimates for this factor. We

cannot at this time, despite recent (May 1978) discussions between Drs.

Iranzo and Richmond, break down operating costs according to the major

sections of the Hall-Otero Agreement. We have estimated, however, that the

total operating funds would probably be divided somewhat as follows:

People 35%

Air 10%

Crops and soil 35%

Animal tissues 20%

The area survey would hopefully represent a one-time cost during the

five-year period and is included in the first year cost estimates.

Execution of several recommendations made in Section 6 requires the

purchase of equipment in the first year. The total cost of equipment would

be $175,000. Maintenance of this equipment would be covered by operational

funds.
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7.1 Operating Costs

table lists the operating funds (in thousands of dollars)

the project over the five-year segment by the U.S. DOE:

79 80 81 82 83 Total

1 2 3 4 5

Cost, in thousands 150 200 240 290 350 1,230

It should be notd that the above assumes a 20% per year increase for the

cost of living; therefore, there is little real continued growth except for

a $20,000 increase between Year 1 and Year 2.
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7.2 Equipment Funds

The ground survey proposed in Section 6 will require the purchase of two

field survey instruments. Since the original survey of 1966, field survey

technology has changed considerably. We recommend the use of a FIDLER type

instrument that uses phoswich detectors. This instrument is believed to be

the best currently available and is especially well suited for the very

rough terrain in Area 2 at Palomares.

Estimated cost - $20,000

To expedite all sampling programs described in Section 6, particularly

with regard to assays for americium-241 and other nuclides, we propose the

purchase of four intrinsic germanium solid-state detectors. These

instruments would also be used in the soil survey program to correlate

surface measurements with actual soil content (10 mm-deep layers). To take

maximum advantage of the resolution of the detectors necessitates the use of

a computer-based pulse height analyzer, similar to the one the JEW currently

uses in the alpha spectrometry system. This analyzer will permit rapid,

on-line analysis of the data, including isotope identification and

quantitation. These calculations are complicated and tedious and if done

manually could result in an accumulation of unanalyzed data. The analyzer

is also very flexible and can be used with other counting systems within the

JEW.

Estimated total cost - $107,000

($20,000 for each detector + electronics). “

The proposed air sampling program will require the addition of one

complete air sampling stationl to be placed in Area 2-1. In addition, the

three current stations need to be reconditioned. The establishment of

Station 2-1 will also require providing electrical power at the site. The

cost will be about $5000 and will be covered in the operating expenses.

Estimated total cost - $1000

The particle size distribution measurements will require the use of

cascade impactor devices. We propose that two be purchased. portable power

generators will also be required since the instruments will be used at
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various locations throughout palomares at various times of the year; power

lines will not be available.

Estimated total cost - $4000

We also recommend the purchase of a computer-based pulse height analyzer

to be used in the whole-body and chest counting program. As with the

solid-state detector, this analyzer will expedite data analysis. It is

especially important that data on people be analyzed immediately. The

people being counted for plutonium are available in Madrid only for a short

time and the counting results must be obtained before they leave. Only in

this way can repeat counts be made if the results are invalid due to

equipment failure or for some other reason. This analyzer would also be

available to aid in the soil and vegetation counting programs.

Estimated total cost - $33,000

Cost Summary:

1. Field survey instruments (FIDDLER, modified

by LASL), 2 each $ 20,000—
2. Intrinsic germanium detector, 4 each 107,000

3. Air samplers for Palomares 1,000

4. Particle sizing instruments (cascade

impactor), 2 each 4,000

5. Pulse height analyzer, for human counters 33,000

6. General updating of current electronics to

accommodate new equipment 10,000

Total $175,000

Wherever possible, shipments of materials should be arranged with the

assistance of the U.S. Embassy in Madrid.
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7.3 Program Liaison

It is important to maintain close relations with Dr. Iranzo and the

technical staff at the JENts Division of Protection and Medicine. Periodic

visits are important, as data should be analyzed at least annually, perhaps

just after the human data are obtained and analyzed. The U.S. advisory

group (Richmond,Dean, and Wachholz) should also meet periodically to review

the progress and needs of Project Indalo. Dr. Iranzo visited the United

States in July 1978. He should be encouraged to visit whenever practicable.
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7.4 Agency

The DOE inherited its responsibility for project Indalo from its

predecessor agencies. It is particularly important, because of the current

climate in the United States and abroad concerning the effects of radiation

on man, to devote the required resources and attention to this important

situation. We are indeed fortunate that excellent rapport has been

maintained among the individuals involved on the project in the United

States and Spain since 1966.

It is also clear that we must do all that is necessary together with the

JEN to laarn about any potential health effects that may develop among the

people of Palomares.
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7.5 Government

The U.S. Goverment has an obligation via the Hall-Otero Agreement to

Project Indalo. In particular, the U.S. Goverment agreed to “continued
●

provision, beyond the first year, of specialized equipment, technical

assistance and advice for as long as both parties mutually agree to be

desirable on the basis of observations as they are obtained.” The initial

remedial acticm costs at Palomares were large. However, the investment of

U.S. Goverment operating funds for Project Indalo since 1966 have been

minimal ($356,000 through FY 1978), as has been that for capital equipment.

These costs are negligible as compared with the original cleanup costs

following the accident.
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8. LONG-TERM CONSIDERATIONS

This document addresses the reassessment of

five-year period beginning with FY 1979. It is

Project Indalo’s needs for a

important, however, to

realize that because of the time periods involved - both for the human life

span and the radiological half-life of plutonium - attention must be paid to

Project Indalo for some time to come. It would be tragic and irresponsible

not to provide some basis for continuity and institutional memory of Project

Indalo. We must also remind overselves that only a dozen years have passed

since the accident. What will be learned, including negative results, will

be well worth the investment.
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